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ABSTRACT 
Previous studies have suggested that the learning disability 
(LD) population face significant communication barriers 
when interacting with health professionals.  Such obstacles 
may be considered as preventable; however, there is a 
surprising lack of research-based technologies available that 
intend to promote this communication.  We aim to address 
this issue by investigating the potential use of mobile 
technologies to support adults with mild LDs during clinical 
consultations.  To achieve this, we interviewed 10 domain 
experts including government advisors, academics, support 
workers and General Practitioners.  The extracted 
information was used to develop an initial technology 
probe, which was evaluated by a subset of the 
aforementioned experts.  The overall contribution of this 
research is a set of design guidelines for the development of 
Augmentative and Communicative technologies that target 
the clinical needs of adults with mild LDs.  
Author Keywords 
Learning disabilities; clinical consultations; AAC 
technologies 
ACM Classification Keywords 
H.1.2 User/Machine Systems: Human Factors. K.4.2 Social 
Issues: Assistive technologies for persons with disabilities.   
INTRODUCTION 
People with learning disabilities (LDs) often have greater 
health needs than the general population [30].  This may in 
part contribute to the significant reduction in the life 
expectancy of the LD community, with men dying on 
average 13 years younger in the United Kingdom [22].  
This figure rises to 20 for females and is a trend that may be 
recognized throughout the developed world [21].  However, 
genetics cannot be held solely responsible for such 
disparity.  For example, an enquiry into the premature 
deaths of people with learning disabilities concluded that 
approximately half of all deaths studied were potentially 
avoidable, with 27.5% of these amenable to better quality 
health care [16].  This suggests that people with learning 
disabilities are subjected to various health inequalities.  
Previous literature has supported this theory and inferred 
that many of these barriers are potentially avoidable 
including: issues accessing healthcare services; 
undereducated staff; care-givers acting as intermediaries; 
inappropriate/inflexible processes or procedures; and 
insufficient collation or use of healthcare data [1, 19, 30]. 
,QWKLVFRQWH[WWKHWHUP³OHDUQLQJGLVDELOLW\´PD\EHDSSOLHG
to an individual if they satisfy the following 3 criteria: the 
person¶V intellectual functioning is impaired; WKH SHUVRQ¶V 
adaptive/social functioning is impaired; and these two 
conditions occur before adulthood [34].  There are several 
different types of learning disabilities; however, those with 
mild LDs are generally able to communicate their needs but 
struggle to understand complex concepts.  As such, their 
ability to communicate about medical conditions is 
significantly affected ± a skill deemed crucial to the success 
of consultations [17].  Further potential impairments that 
contribute to this include: reduced receptive and expressive 
skills; a restricted knowledge of the human body meaning 
they may fail to recognize or describe potential symptoms 
accurately; and limitations in their abstract thinking and 
long term which may affect their ability to provide an 
accurate medical history [5, 19, 27, 33].  To accommodate 
for these deficiencies, patients may make use of Alternative 
and Augmentative Communication (AAC) devices. But 
such technologies tend to be developed to support everyday 
communication and may lack the features required to 
address the needs of patients with LDs in a clinical 
environment.   
Work in related areas such as rehabilitation and remote 
consultation has shown great promise and support for 
people with other special needs [2, 8, 11].  Throughout this 
paper, we intend to demonstrate how mobile AAC 
technologies may be used to address the complex needs of 
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adults with mild learning disabilities in the medical domain.  
To achieve this, we have conducted a series of semi-
structured interviews involving a purposive selection of 
experts in learning disabilities including: 2 General 
Practitioners; 3 governmental advisors who were involved 
LQ WKH GHYHORSPHQW RI 6FRWODQG¶V QDWLRQDO OHDUQLQJ
disability strategy; 4 academics in the fields of social work, 
cognitive psychology, inclusive education, and aging, 
fragility and dementia; and a full-time support worker.  The 
interviews contributed to the design of a technology probe 
that was subsequently presented to a subset of the experts 
for evaluation.  The information obtained from these studies 
has resulted in a set of design guidelines for the 
development of future clinical AAC technologies for people 
who have mild learning disabilities.      
We expect such technologies to have a significant impact in 
the future of clinical consultations.  Many General 
Practitioners (GPs) feel ill equipped when attempting to 
overcome the aforementioned communication barriers [27] 
and are unable to find the time to update their knowledge of 
learning disabilities to achieve this [23].  AAC technologies 
have the potential to convey information in a format 
understood by both sets of stakeholders and may be learned 
in a short period of time.  This may improve the success of 
consultations by increasing the depth and accuracy of 
information extracted from patients with mild LDs.    
CONTRIBUTIONS 
The main contributions of this paper are as follows:  
x An initial set of requirements for clinical AAC 
technologies that target the needs of adults with mild 
learning disabilities.  
x Using these requirements, we designed a technology 
probe that aims to explore how tablet technologies may 
be used to support adults with mild LDs during clinical 
consultations. 
x Through a series of evaluation studies, we demonstrated 
the potential impact AAC technologies may have on 
consultations involving patients with mild LDs. 
RELATED WORK 
A number of studies in the fields of health and Human 
Computer Interaction have had a significant influence on 
our research.  Firstly, Heslop et al. and academics at 
Lancaster University [16, 20] have identified a number of 
health conditions that are prevalent throughout the LD 
community, including those that are frequently 
overshadowed by medical professionals.  These conditions 
include: certain types of cancer such as gastrointestinal 
cancers; epiliepsy; cardiovascular disease; diabetes; and 
constipation amongst others. AAC technologies may target 
such ailments in depth to ensure they are brought to the 
attention of medical professionals and are treated 
appropriately. 
Various studies have been conducted that have reviewed the 
effectiveness of current AAC technologies [3, 25, 29].  
Baxter et al. found several issues to be common throughout 
a range of traditional AAC technologies including: 
operational difficulties and time; complexity; limited 
flexibility; self-confidence; and cost [3].  Furthermore, 
continuous access to support was crucial to the success of 
such technologies.  McNaughton & Light and Niemeijer et 
al. [25, 29] concluded that AAC applications embedded 
within everyday mobile technologies have the potential to 
mitigate some of these problems.  However, they introduce 
issues of their own including: small screen size; and the 
potential of being introduced without considering the 
specific needs of the user.   
Current communication aids embedded within the clinical 
domain focus on tailoring the care process to suit the 
individual needs of the patient.  For example, Bell & 
Cameron [4@ XWLOL]HG WKH 7DONLQJ 0DWV IUDPHZRUN WR
asses the psychological status of a woman with mild 
learning disabilities.  The images presented to the patient 
were designed to depict the key components of her life and 
enabled her to discuss each aspect freely and confidently 
which led to an accurate diagnosis being carried out.  
Furthermore, hospital passports, such as the one described 
by Brodrick et al. [7], are slowly becoming established 
throughout secondary care in the United Kingdom.  The 
passports capture essential personal information from 
patients about their care needs (communication habits, 
environmental or medical requirements etc.), and this 
ensures that staff interact with the patient in a consistent 
manner and accommodate for their individual demands.   
However, the research most closely related to our own 
comes in the form of an online questionnaire that supports 
children in reporting their psychological health [3].  Many 
of the conclusions made were considered relevant within 
the design of our interface, including: the need to present 
one question at a time; embedding a limited amount of 
information within each page; and using a range of 
modalities to convey this information, amongst others.  
Initial results from the study (project is still ongoing) were 
promising, with a range of users being able to reliably 
complete the questionnaire.  This highlights the potential 
success such technologies may have in extracting accurate 
medical information from people who have LDs. 
Methodology 
The research conducted within this paper is part of a wider 
project that aims to develop (in conjunction with the views 
of target stakeholders) a digital aid that supports adults with 
mild learning disabilities during the consultation process.  
To ensure the intervention is developed in a structured 
manner, the authors are IROORZLQJ 05&¶V framework for 
Complex Interventions [10].  The overall process may be 
found in Figure 1 and is highly appropriate for this research 
since it emphasizes the collection of evidence at various 
points throughout a project.  This ensures that the 
intervention is effective in achieving its goal and presents 
multiple opportunities to reevaluate the design if this is not 
the case.   
  Figure 1: MRC Framework for Complex Interventions [10] 
The authors are FXUUHQWO\ IRFXVLQJ RQ WKH ³'HYHORSPHQW´
phase.  We conducted a separate scoping review that aimed 
to explore the barriers to accessing effective healthcare for 
adults with mild LDs, and the current technologies used to 
overcome these.  This provided an evidence base for the 
proposed intervention, since no high-tech AAC 
technologies had been identified that addressed the needs of 
the target population within the medical domain.    
Nonetheless, the literature discussed a wide range of 
strategies that have had some success in promoting 
everyday communication and these formed part of the 
requirements for the proposed aid.  The lead author then 
proceeded to conduct a series of semi-structured interviews 
with the aforementioned experts to validate these findings 
and to extract further requirements for the application.  
Norman suggests that stakeholders are initially unaware of 
their requirements for a system during its early design 
stages [31] and may benefit from interacting with similar 
technologies to clarify their views.  Therefore, the decision 
was made to involve experts within a round of interviews in 
order to develop and subsequently present a technology 
probe to target stakeholders during future requirements 
gathering studies.  Although a co-design process would 
have resulted in a more innovative solution, we believe our 
interface highlights several features that developers must be 
made aware of during the future creation of medical AAC 
technologies.  The target number of experts to be 
interviewed was set at between 10 and 15 people to ensure 
a wide range of knowledge was utilized during the initial 
design process.  The average duration of the interviews was 
approximately 34 minutes.   
All participants were then invited to participate within a 
series of usability tests, with 4 giving their consent (experts 
1, 2, 4 & 8).  The purpose of these tests was to inform the 
requirements extracted previously.  The experts were 
required to complete a series of tasks using the probe, and 
then comment on the appropriateness of the intervention for 
the target population.  The sample size was set at between 
three and five participants as Dumas and Redice suggested 
that such a population enables key design and usability 
flaws to be identified and subsequently addressed over a 
short period of time [12].  Further investigations may then 
be carried out where required.  The tasks took 
approximately 21 minutes to complete and the results 
obtained were used to update the requirements listed in the 
next section.  No assistance was provided during the 
completion of the scenarios to ensure key design flaws were 
naturally identified.   
All studies were conducted under institutional ethical 
approval and a framework analysis [13] of the transcribed 
interviews was carried out to produce a structured summary 
of the views held by the participants.  Excerpts from these 
summaries were then used to shape the design of the probe 
described in this paper and the resulting tables have been 
made available at: http://dx.doi.org/10.15129/7fed3a65-
9ac4-4152-953b-b606376b64b5.  7KH ,'V¶ OLVWHG
throughout refer to the H[SHUW¶V position in the requirements 
gathering framework analysis table.    
REQUIREMENTS 
A plethora of potential requirements were discussed 
throughout the interview process, due to the range of 
expertise held by the participants.  Consequently, it was 
important to discern which of these apply to the majority of 
stakeholders and those that cater for more individual needs.  
The authors achieved this by implementing those 
requirements that occurred as common themes across the 
interviews conducted.  Traits disclosed by individual 
participants were embedded within the application 
providing they had been supported by previous literature.  
We believe that this process has resulted in the creation of a 
prototype that addresses the common needs of adults with 
mild learning disabilities and may therefore be utilized by a 
range of stakeholders.  The requirements implemented may 
be found in table 1  
Requirement Description ID 
[1] Information should be conveyed using a 
range of modalities including: text, immediately 
identifiable images, and speech. 
-
- 
[2] A minimum font size of 14 should be used 
with buttons and text being made as large as 
possible.  
3-5, 8-
10 
[3] Images and text used to represent potential 
symptoms should be developed in conjunction 
with the views of target stakeholders.  Medical 
jargon should be avoided where appropriate. 
2, 3, 5, 
8, 10 
[4] The consultation process should be broken 
down into manageable chunks by presenting 
small, closed questions that focus on solitary 
ideas. 
--
 
[5] The number of options presented to the user 
should be restricted to a maximum of 4. 
3-4, 9-
10 
[6] The aesthetics of the aid should be made 
customizable to cater for individual needs. 
4-5, 8, 
10 
[7] Questions should focus on the specific health 
needs of target stakeholders 
- 
Requirement Description ID 
[8] The number of clicks required to complete 
the process should be reduced to a minimum  
7, 9-10 
[9] A consistent layout should be provided 
including the option to access a help feature at 
all times. 
4, 9-10 
[10] Questions should aim to extract the 
symptoms experienced by patients, the duration 
and history of these symptoms, and the overall 
health of patients. 
- 
[11] A record should be kept of all the key 
activities made by a patient. 
6-7 
[12] The aid should be portable. 8, 10 
Table 1: Main requirements extracted from the experts 
interviewed 
The requirements have been ordered to depict the number 
of experts who had proposed them throughout the 
interviews.  Those requirements that had been referenced 
the same number of times were then ordered to reflect the 
depth in which they were discussed by the participants.  It is 
important to note that some of the listed requirements do 
not specifically cater for the needs of people with LDs, but 
instead cater for additional manifestations that occur 
frequently within the learning disability population.  For 
example, many target stakeholders will have significant 
visual deficiencies and may therefore require larger font 
sizes to read text.  Others may have significant motor 
deficiencies meaning clickable objects have to be increased 
in size and spaced far apart.  Illiteracy is also a common 
issue meaning other modalities must be used to convey 
information.   Accommodating for these limitations may 
result in the needs of other vulnerable populations being 
catered for such as the elderly.   
DESIGN 
Adaptive Questionnaire 
Requirement 7 states that the number of clicks needed to 
FRPSOHWH WKH DSSOLFDWLRQ¶V SURFHVV VKRXOG EH Ueduced to a 
minimum.  Therefore, we have limited the amount of 
irrelevant questions presented by implementing a dynamic 
stack-based questionnaire similar to that proposed by 
Bouamrane et al. [6].  In short, a main questionnaire stack is 
created according to the primary symptom selected by the 
patient.  This stack consists of the questions vital to 
extracting the cause RI WKH SDWLHQW¶V FRQGLWLRQ  The 
questions are popped sequentially from the top and 
presented to the user providing they uphold certain 
preconditions e.g. symptoms relating to pregnancy will only 
be forwarded to those who are female. The symptoms 
selected may then result in additional questions being 
pushed to the top of stack for further exploration.  For 
example, the questions designed to extract the symptoms of 
blepharitis may only be added if the user has indicated they 
have itchy red eyes.  This strategy therefore restricts the 
number of questions presented to those deemed relevant to 
WKH XVHU¶V condition and may have significant advantages 
for adults who have short attention or working memory 
spans.  The cognitive load placed on patients with LDs is 
also reduced.     
User Interface 
Adults with mild learning disabilities are heterogeneous in 
nature and may not respond to information in a similar 
manner.  For example, some may be unable to participate 
within verbal conversations due to the complexity of the 
language being used [32].  Consequently, the experts 
interviewed suggested that a range of communication 
modalities be targeted when representing potential 
symptoms including text, immediately identifiable images, 
and speech.  
As shown in figure 2, we have embedded the option to 
playback any passage of text displayed on screen.  This was 
achieved in the following two ways: firstly, the user may 
select an audio button (represented by a speaker symbol) 
located near the passage they wish to play back.  This 
enables patients to have specific sentences read out at will 
until its meaning is fully understood.  However, not all 
patients possess the cognitive abilities required to read text.  
As a result, the probe offers these stakeholders the option to 
playback all passages contained throughout.  On completion 
of page loads, each sentence will be read out sequentially 
and simultaneously highlighted to ensure that it is clear to 
the user which passage is being played back.  This may also 
be beneficial to those users who have significant visual 
impairments.   
 
Figure 2: Automatic playback of text. 
All options have also been conveyed via the use of images, 
to accommodate for those stakeholders who are unable to 
understand the language used.   Pictures have been proven 
to offer an alternative means of depicting language, 
providing they immediately represent the concept being 
captured [28].  By targeting these 3 modalities, an increase 
in comprehension may be obtained as each individual may 
make use of the communication method that makes most 
sense to them for each option presented.   
As shown in figure 3, the probe requires the user to state 
whether they are in pain.  This further restricts the number 
of irrelevant questions being presented, since many of the 
conditions that affect adults with LDs [16, 20] may be 
placed exclusively into one of these categories, and 
subsequently excluded based on the scale of pain 
experienced by the patient.  We have used drawings similar 
to those embedded in the Wong Baker smiley faces pain 
tool to convey the two distinct emotions.  Such a tool has 
previously enabled people with learning disabilities to 
successfully report their experience of pain [15].  The use 
of color was avoided, since participant 10 discussed several 
scenarios where interviewees focused on the color used and 
not the emotion conveyed by the image.    
The conditions included within the pain/non-pain categories 
may have an abundance of symptoms that can conceivably 
affect patients.  Rather than displaying all of these at once, 
the prototype restricts the number of options available to a 
maximum of 4 related conditions.  According to the experts 
interviewed, adults with mild learning disabilities are 
frequently omitted from the decision-making process and 
may struggle to cope with choice.  Thus, limiting the 
amount available may ease the cognitive load placed on 
stakeholders and may ultimately result in the extraction of 
more accurate information.  As a by-product, the amount of 
space assigned to clickable objects and to text can be 
increased and this has significant advantages to those 
stakeholders who have visual or motor impairments [18].  
Reducing the number of symptoms displayed on screen will 
increase the number of clicks required to complete the 
process as additional questions will have to be presented.  
However, the added benefits for those users who have 
significant cognitive, motor and visual deficiencies warrant 
the need for these additional questions. 
Several of the experts discussed the effectiveness of 
embedding concrete objects in which the target population 
may point to.  One such object disclosed was the human 
body.  Consequently, patients are required to tap on an 
image of the body when pinpointing an area causing them 
distress.  This process relies on the user possessing the 
motor abilities required to tap on small sections of the 
screen, for example when selecting that they have a pain in 
their hand.  However, many adults with learning disabilities 
have poor fine motor skills; therefore, the application 
requires the user to confirm the specific section they have 
selected.  All body parts situated in the proximity of the tap 
will be presented for the user to triangulate their choice.  
This also enables those that were unavailable for selection 
in the original image to be presented.   
Since text cannot be relied upon to convey information, key 
navigational points have been represented via the use of 
images.  This strategy has been proven effective within 
previous literature, for example in Medhi et als. study that 
aimed to explore interfaces for illiterate and semi-literate 
users [26].  We embedded an arrow within the skip button 
shown in figure 3, to naturally represent the ability to move 
on to the next question/page.  Ultimately the image used 
was not clear enough to depict the buttons functionality and 
the reasons why will be discussed further in the next 
section.  Additional design decisions centered on spacing 
clickable elements far apart to limit the number of 
erroneous taps being made; utilizing the limited space 
available in tablet technologies; and breaking the 
consultation process down by presenting small, closed 
questions.   
The experts also discussed the need to ensure the 
intervention is customizable.  We agreed with this view to 
an extent and suggest that the aesthetics of such 
technologies should be made adjustable.  However, since 
the ordering of questions may be crucial to extracting 
certain conditions, changes should not be made without 
approval.  Both the language and images used to convey 
symptoms should be developed in conjunction with the 
views of target stakeholders and should therefore remain 
the same within technologies operated by a variety of users.  
Each of the requirements listed in this paper have been 
developed with tablet technologies in mind.  Consequently, 
changes will have to be made when developing similar 
applications on other devices such as smartphones.  For 
example, due to limited screen space a maximum of 4 
options may not be achievable as clickable elements will 
have to be reduced in size and this may have serious 
complications for people with motor deficiencies.   
USER EVALUATIONS 
Three significant improvements to the design described in 
the previous section were suggested by the experts involved 
in the usability studies.  Firstly, participant 4 suggested that 
an accessible summary page of the symptoms selected 
should be provided for patients as well as practitioners.  
Such a page should make use of the various communication 
modalities discussed previously, as shown in the left picture 
Figure 3: Sample screens representing the selection of symptoms for a bruised toenail. 
of figure 4.  This may enable adults with mild learning 
disabilities to use the information as a visual prompt when 
discussing their symptoms with a GP.  They may also 
practice the information they wish to convey out with the 
medical environment. 
  
Figure 4: An accessible summary page and image used to 
depict skin conditions 
Both the language and images used within the probe may be 
considered as placeholders.  Currently, there is a lack of 
guidelines available which discuss how to develop 
appropriate medical imagery for the LD population.  We 
intend to address this during future co-design workshops 
involving adults with mild learning disabilities.  
Nonetheless, the experts were able to identify some flaws in 
the placeholders used that should be avoided in future 
studies.  Some of the participants believed certain pictures 
could be taken too literally by the target population.  For 
example, patients may fail to select the picture representing 
skin conditions (right image of figure 4) if they are 
suffering from other skin diseases such as eczema.  Rather 
than embedding a range of potential symptoms within this 
object, it would have been more appropriate to display a 
general image of the skin.  
All of the experts interviewed required an intervention to 
explain the functionality of the skip button described 
previously.  Recommendations to improve the button 
therefore focused on ensuring its intention is made clear 
and included: implementing a help feature across all pages 
to enable patients to obtain advice when unsure on how to 
progress; and extending the automatic playback feature to 
DOVRKLJKOLJKWWKHEXWWRQDQGUHDGRXWWKHZRUGV³3UHVVKHUH
for more options´ ± although this solution would only assist 
those who rely on speech.  The experts also emphasized the 
need to embed a return function within the interface to 
accommodate for mistakes being made.   
DISCUSSION 
The experts interviewed were optimistic about the potential 
impact such technologies may have on clinical 
consultations.  Participant 5 revealed that the funding 
available for support workers is being cut drastically, and 
this may result in an increased number of patients attending 
consultations unaccompanied.  Consequently, these 
stakeholders will require additional support to convey their 
needs to medical professionals.  Participant 8 believes that 
the current probe has the potential to achieve this since it 
may be used autonomously by a range of patients.   
However, by including the target population within the 
design of the aid and ensuring the technology is tested with 
a variety of patients, this rate of autonomy may be 
increased.  We intend to achieve this by conducting a round 
of co-design sessions involving adults with mild learning 
disabilities and by presenting the existing probe to those 
participants who are unaware of their needs.  The results 
obtained will be used to update the requirements listed in 
table 2 before an improved version of the intervention is 
embedded within the target environment. 
Overall, the GPs interviewed stated that they had not used 
communication aids during previous consultations but were 
open to the possibility providing the benefits are made 
clear.  This is encouraging considering the success of such 
technologies relies heavily on the willingness of medical 
professional to support their use.  GPs tend to be 
undereducated on both the health and communication needs 
of patients with learning disabilities [1, 19] and this creates 
significant barriers from the beginning of the consultation.  
Our probe intends to overcome this by extracting symptoms 
from the patient out with the appointment.  The information 
may then be used to help shape the questions presented thus 
enabling practitioners to focus on areas of interest for 
longer.   Furthermore, it has the potential to bring 
frequently overshadowed conditions to the attention of the 
GP thus increasing the health of patients.  The idea is not to 
diagnose the patient but instead but instead supply 
information that may support them in formulating a 
diagnosis.  The information captured may also be used as a 
referent throughout in order to promote communication.  
However, participant 6 revealed that practitioners may be 
skeptical to use data extracted by an algorithm, meaning 
further GPs should be approached to confirm this view.   
CONCLUSION 
To the best of our knowledge, there has been no research 
conducted into the design of mobile AAC technologies that 
support the needs of adults with mild LDs in the clinical 
domain.  We have addressed this gap by exploring the 
feasibility of tablet technologies in supporting these needs.  
The extracted requirements matched several of the findings 
made by Bostrom and Eriksson [5] including: the need to 
present one question at a time; embedding a limited amount 
of information within each page; and using a range of 
modalities to convey this information.  Furthermore, a 
number of novel requirements were embedded within the 
design of the probe including: limiting the questions 
SUHVHQWHG WR WKRVH GHHPHG UHOHYDQW WR WKH SDWLHQW¶V
condition; an automatic audio playback feature; confirming 
selections that require fine motor skills; and providing an 
accessible summary of the options selected.  Overall, the 
experts involved throughout the study were optimistic about 
the potential impact such technologies may have on the 
consultation process. Opportunities for future work include: 
investigating the modalities required to represent medical 
information in a form understood by patients with mild 
LDs; the development of an ontology that captures the 
common conditions experienced by the target population; 
and the co-design of a novel interface based upon the 
requirements listed in this paper.   
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